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Abstract: Timely and precise classification and segmentation of indeterminate thyroid nodules in ultrasound imagery are
pivotal for improving diagnostic accuracy and guiding clinical management, which is critical for optimizing patient outcomes.
Traditional methods grapple with the challenge posed by the heterogeneous echogenicity, ill-defined borders, and variable
morphological features of such nodules. Our study seeks to revolutionize this domain by introducing a novel deep learning
model, the Dual Spatial Kernelized Constrained Fuzzy C-Means (Deep DuS-KFCM) clustering algorithm. This Hybrid Neuro-

Fuzzy system synergizes Neural Networks with Fuzzy Logic to offer a highly precise and efficient identification of nodular
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regions. Implementing a two-fold coarse-to-fine strategy for segmentation, this model initially employs the Spatial Kernelized
Fuzzy C-Means (SKFCM) algorithm enhanced with spatial texture profiles and subsequently harnesses the state-of-the-art
DeepLabv3+ with ResNet50 architecture to refine the segmentation output. Through extensive experiments across mainstream
thyroid imaging datasets, our Deep DuS-KFCM model demonstrated unprecedented accuracy rates of 87.95%, coupled with a
specificity of 96.33%, outperforming contemporary segmentation methods. The findings underscore the model's robustness
against imaging noise and its outstanding segmentation capabilities, particularly for delineating nodules with ambiguous
margins, thereby presenting a significant leap forward in medical image processing for thyroid cancer diagnosis.

Keywords: Indeterminate thyroid nodule; Ultrasound image segmentation; Fuzzy Clustering (FC); Hybrid neuro-fuzzy system

DR B A (R RS HEAS I T HOIR B I BUIRBRES 1Y) A RIS KR s B E 2 0 H
o FURBRGE T OGRS B IEIR & 25 PR BN 2 B A R, HUIRERES 1Y RO
T FRISER £ 0 2 PR AR B R AR A R ARG T B . USRI, LI T o DR L Sk o S5 S Y 1
TAEAAF A 2 98% LA 112341, Ty 4 I8 22 W ] CH ORI R 70 AL g ), TLARARAF ZAUAR 20 - 40%0),
PRIk, ST HRBRES T (2 Wi I, 20X 7 RN AE,  CSONImR TAF A E 255

AN PR R B 7 P PR PR 20 A 5 Ak PR 24 i bR R il P EL TR e e RO E 7T 4. 12 X3
oy WU R 28 3 BT 5 AL A B L AR [l A o B v BEARULE S RIS R s A2 AR (3
s DS RARKE LU AR Rt — 2B 380 1 HER X i )k MRS . BB S B R R R 5 o B
ARACURS I (14 DX A5RI6-78.9100 A% S ) P50y 73 Bl 3 248 GeF 8l 0 HU5 AN DGR B, iy HLAN[R] BRI 2 [8]
(Y iy DAL ) — BR A AN R PP A o R W A7 A S 2 22 5. D, W ORI 22
B3 FIBOR USRI AR R 12 WK

LR, BRI B BEERE D BE 5w T4 TR Re /. Kb, BRMEM % (CNND
RIS K A R AR RFAIE A ST RE T, AEIZAUSR B T I A% o 140, Han SEA (2025) i 7 —F 2R
JEER 151 S BRI ML, TAT R AR BRAS 19 A 1 2 AR KRR . AR FIER] 1 o SRS
BAEG A RERTE, (I T e WU ST EORAE B N AT . Chen S8 N (2023) U2 H
TR S BE R AR RSERR A /- FIRESE R 7 B A FRBR &5 1T A A TN 5 e
B EN, 2 TTE BARRIN TR AR 2 AR RO,  JRAEIR RN A s ) R RCR, (B AN B
A F AT R R B BE I A FFRAR R

ST IATICSER, FADFR T —FhErxt FORIRE S R 505 5, BRI TR E R
FHREEBEE R 207 SR QDR R B WA A A% A5 C #4915 (Deep DuS-KFCM) R3ET7i%, #)
2B ENARBS R 2R SRR IR ST SRR A RE ) 5 et IR, Rehg
AR R 2) 0 45719 X8, Il PR R A SR PR 5 AT Al A 0 A SCF

SKIGLERAELW], Deep DuS-KFCM fEASHA R I PR B S 055, HAEZ PP fiahe N 23
T B EREIER T ERE S THRERCE, JUHXT R 450 R s T EA RIFR &R, A%
AT 2k it — D SR T IMER S5
1 JTEERIRE

PR RS 7 DX SR A 1 20 B0 T SEDUA BO2 WA R B o . AT, TR A R A%
G TEN 0 BINEAAAE R RIRE: — T3 1 i B I i W00, 3 BOR AL PP A4 45 R IR

45



B1E Hh B 2 5 AR 2R $3

AMEZEFAA—EE: H—, B85 R B R A2 [ 7 i b AL, FLE S
G [ BB A L s AR EU PR PR — 2D 3 0 7 W DX 39 Kk PR HEJEE o X ) LA 75 50
S EIACRERT 9% 77, T HAR 5 A, ATREREIROCHSYT IR, R0 R TS G AR 52

WTAESR, BETUREE S 2 0 A sk BUGAE BRE R FE ST o BIHEmf 7 TS T Bk, SR vF
Z A FHEEAL B 2 TE AR IR T 2 BN B VR A AE B A o ARG INIR B SIHESA AT
A EE T IR SLARFAE CAnSCHR R e 75 5 ), BRI T A 20X 4393 B 5 s B 2H 23 B 40 72 S 1 e
X R BRI T AR S (RIS R R RS BRI BN SUE B SRS BRI R B R .

ARSCHEH RS (R ASAZ 22K (DUuS-KFCM) J7¥%, B EIE I e E BB RS HAR SR
SIMEZEAHAE R, AR R RPRE . Z 7 vEF N R R R E A A E R, 50 7 FR AN
S FN 3 B GET X IR RE T, AT A R T A G iE AN 2 o JBIE 51 N T 2K B2 LA 36 B (GLCMD
GuitEISET, ZAEFEE TRERR, ST 40 5 A NX ek,

DuS-KFCM HEZLFESET 73 BIRE E B AR, R B m T S, eIt R 4 1l R Ak %
Ho EHFEBLT A E], BT X EMEI AR, BT Ie it FURIRSE TPk . RuEL
Wi. 7EJ7vEIE L, DuS-KFCM KRR FIL SR B 2 S BARMSE &, JB X Fhih & L3 e 7
BRUR AN 2 M HUIRIRGE T 10 /- BIRe ) o S0 SE RARH, BT AESLAE o B — B Al it TPt R 7
B EATET, RO IR S by o 1 B 2= 3 RTS8 T8 1A 80815
1.1 F—KBt: DuS-KFCM JiENA

TESE—B B, AR SCHR T — o A B2 G B 2R 28 77 72— — U (SR A% 28 26 (DuS-KFCMD,
&7 RN A A A R A A E DR &R, SEIUNT HOIR BRER 75 U IR 5 R 8 508, SR
L — SRR (1) 75 VA B, 38 I 45 A K B LA RE (GLCMD SGeilfiE 5 2 [ I % 5 2 (SKFCMD
S, BhA ZARSEME Cinlel SR S A A ) Bl A SO R E M HOIRIRSE T, T
—Fh AR S A T IR 45715 DXCHURFAE 2R 7 VA3 14150,

AR DuS-KFCM EHR b #EJ7 i, SEBL T B TS0 16 1) X 38 G 73 1) . % 07 1% SKFCM
SRR, I NHANIE R 5 55 A 21X 53 1) GLCM SO Hrisise, #% H—AN Rl a X0 845
S IRZAL LY SRR FE RSO SR AR ZE001, 2 AE A I B R R AR SR AR A S ) | RSB R, R R
T XF AR R 1 32 SR TR RS FE AN R 7 A 8 7 ) B s

AR 75K F DuS-KFCM J71%: 5 3 43 B AE, B 70X FOIR AR 75 G P (078 75 4545 X Sadb A T 25
Wl ZEVEREE A X S 457 5 A E R FARIRA A —— R —H G B AL, M
RERFERHMET L HARIHHRRE )] o GBI 45 & KB AE R S (GLCMD RHIE S ORISR EIE, AT7
VESRIL T 6 HOR RS T FUN R A RIS 73 28 . HAZ 0 HARTE T 18 RS i 0 2= 2 RS o B4
BCAEMERSTATYE R, FFSeln RS s80r K07 8, thdh, ASCds%ikad 2 orik
IR —EAG N FIRESE, HmBmE 1 (A Fis.

TERFIESREN B, B e MR FE - UG i S 22 A GLCM GiiHRefE, BfGgERE. W ELE .
B AHOCHERE R S S5 [FN, BRI 2808 R h SR B8 FE o A R IE RS 2R . @i
X DX AT R AR 2 2], Y e A SR I A M R E R R . Bl S, SR A SGRFIEE#E (CFS)
SRR RE AT A TR IR SR, AT RIWPE R R . FTi MR 1F B 756 S
PR BUE I BERHE S 58 AR, R & RIFHIZAGIERE, REOSIENSR B A FEUE 1 2

46



F1%E X 5% ERE .

FEAL R i A5 (R 1920210,

A. System overview of Feature extraction. B. General view of the network architectures: DLv3+ with Resnet50.
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Fig. 1 Overall Architecture of the Deep DuS-KFCM Model: (A) Overview of the Feature Extraction System Based on
DuS-KFCM. This algorithm effectively discriminates and classifies nodule features by analyzing GLCM characteristics
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combined with fuzzy clustering, enabling accurate differentiation between potential nodules and surrounding glandular
tissues. (B) Schematic of the Network Architecture: This diagram details the DeepLabv3+ model with ResNet50 as the
backbone, illustrating its encoder-decoder structure for processing complex features in ultrasound images. The model
optimizes boundary prediction through multi-scale feature fusion and up-sampling mechanisms, significantly reducing mis-
segmentation and improving boundary accuracy. (C) Block Diagram of the Neural Network. This figure presents a modular
view of the neural network structure, illustrating a two-stage segmentation strategy: initial nodule recognition using DuS-
KFCM technology, followed by further refinement of segmentation accuracy via a deep learning model. It highlights the

critical synergistic roles of the encoder and decoder modules in achieving precise nodule segmentation.
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Fig. 2 Comparative Performance Analysis of Clustering Models on the Database of Indeterminate Thyroid Nodules.

The figure illustrates the reliability of the Deep DuS-KFCM model compared to traditional methods across multiple datasets
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of indeterminate thyroid nodules. Key performance metrics--accuracy, precision, and IoU--under different datasets are plotted

respectively, demonstrating the superiority of the proposed method in segmenting uncertain nodules.
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Fig. 3 Comparison of segmentation results in pseudo-color synthesized images of Indeterminate Thyroid Nodules. The

figure displays segmentation results for multi-center and private indeterminate thyroid nodule datasets, outlined in red and
green contours, respectively. By comparing the proposed Deep DuS-KFCM method with mainstream threshold segmentation
techniques, which highlights its superior clustering accuracy. Nodule boundaries are discriminatively marked: automatically

detected margins are marked in magenta, radiologist-annotated ground truths in green, and multi-source information-fused

regions are represented in white.
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